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Experimental Procedures 
General Considerations 
All manipulations were carried out in a nitrogen-filled glovebox or under an argon 
atmosphere using standard Schlenk techniques. Ni(COD)2 was purchased from Strem. 1-
adamantylazide, lithium hexamethyldisilazide and methyl triflate were purchased from 
Aldrich. Ligand 1 and compound 3-Cl [(m-P2)NiCl] were synthesized as previously 
reported.1 Aryl azides,2 diphenyldiazomethane3 and sulfonium salts4 were synthesized 
according to literature procedures. All other commercially available compounds were 
used as received. Solvents were dried using a Grubbs-type solvent system5 then degassed 
prior to use. Hexamethyldisiloxane was dried over sodium metal then vacuum 
transferred. 1-hexene was dried over CaH2 then distilled under N2. NMR spectra were 
recorded on Mercury 300 MHz and Varian 400 MHz spectrometers. 1H and 13C{1H} 
NMR spectra are reported referenced to residual solvent peaks.6   
Synthesis of m-terphenyl bisphosphine (1): 1 was prepared following a slightly 
modified literature preparation.1 The crude organic m-terphenyl dibromo intermediate, 
2,2''-dibromo-1,1':3',1''-terphenyl, was not observed to precipitate from a concentrated 
CH2Cl2 solution at -10 °C as indicated in the literature procedure. Passing this same 
solution through a short plug of silica (2 cm) and addition  of 100 mL Et2O afforded the 
expected white powder after cooling to -10 °C for 12 h. Lithium-halogen exchange and 
reaction with iPr2PCl were carried out at -78 °C using Schlenk techniques. Yields were 
comparable to those previously reported (70-80%). 
 
Synthesis of (m-P2)Ni0 (2): 1 (0.185 g, 0.400 mmol) and Ni(COD)2 (0.110 g, 0.400 
mmol) were dissolved in 20 mL of dry THF in a Schlenk flask to give a progressively 
deeper brown-red colored solution. The mixture was stirred at 22 °C for 2 h then dried 
under vacuum to give a brown-red paste. An additional 20 mL of THF was added and 
stirring continued. After 12 h, the mixture was dried, extracted with hexanes (3 x 10 mL) 
and filtered over Celite. The combined hexanes extracts were dried and washed with 
hexamethyldisiloxane (5 mL) to give a brown-red solid. Isolated yield = 0.163 (78%). 1H 
NMR ([D6]benzene, 300 MHz, 22 °C): δ = 7.55 (d, J = 6.9 Hz, 2H, Ar CH), 7.23 (br d, J 
= 7.2 Hz, 2H, Ar CH), 7.13 (m – overlapped with solvent, 4H, Ar CH), 6.62 (t, J = 7.5 
Hz, 1H, Ar CH), 6.33 (d, J = 7.2 Hz, 2H, Ar CH), 5.18 (s, 1H, Ar CH), 2.26 (m, 2H, iPr 
CH), 2.02 (m, 2H, iPr CH), 1.16 (overlapped m, 12H, iPr CHMe), 1.02 ppm (overlapped 
m, 12H, iPr CHMe). 13C{1H} NMR ([D6]benzene, 100 MHz, 22 °C): δ = 153.5 (t, JCP = 
13 Hz, Ar C), 138.4 (t, JCP = 18 Hz, Ar C), 131.0 (Ar C), 129.2 (Ar C), 129.0 (t, JCP = 4 
Hz, Ar C), 127.2 (t, JCP = 2 Hz, Ar C), 121.3 (Ar C), 120.7  (Ar C), 116.0 (t, JCP = 4 Hz, 
Ar C), 68.6 (t, JCP = 4 Hz, Ar C), 27.1 (t, J CP = 7 Hz, iPr CHMe), 21.6 (t, JCP = 8 Hz, iPr 
CHMe), 20.1 (t, JCP = 2 Hz, iPr CHMe), 19.8 (t, JCP = 4 Hz, iPr CHMe), 19.7 (t, JCP = 3 
Hz, iPr CHMe), 19.3 ppm (t, JCP = 6 Hz, iPr CHMe). 31P{1H} NMR ([D6]benzene, 121 
MHz, 22 °C): δ = 41.0 ppm (s). Analysis calcd for C30H40P2Ni (found): C, 69.12 (69.15); 
H, 7.73 (7.66).  
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Recrystallization of compound 2 from acetonitrile at -35 °C yielded crystals of 2-CH3CN 
where one molecule of acetonitrile is bound to the nickel centre. Recrystallization of 2 
from pentane at -35 °C gave the ligand free structure. 
Synthesis of (m-P2)NiCO (2-CO): Addition of 1 eq. of CO to a solution of 2 in 
[D6]benzene led to quantitative formation of 2-CO. Single crystals were grown from 
acetonitrile at -35 °C. 1H NMR ([D6]benzene, 300 MHz, 22 °C): δ = 7.37-7.26 
(overlapping m, 5H, Ar CH), 7.12 (m – overlapped with solvent, 4H, Ar CH), 7.05 (d, J = 
7.5 Hz, 2H, Ar CH), 6.86 (br t, 1H, central Ar CH), 2.36 (m, 2H, CHMe), 2.10 (m, 2H, 
CHMe), 1.29 (dd, J = 15.6, 6.9, 6H, CHMe), 1.11-1.03 (m, 12H, CHMe), 0.93 ppm (dd, J 
= 12.6, 6.6, 6H, CHMe). 13C{1H} NMR ([D6]benzene, 100 MHz, 22 °C): δ = 196.1 (t, JCP 
= 16 Hz, CO), 150.5 (t, JCP = 11 Hz, Ar C), 140.6 (t, JCP = 4 Hz, Ar C), 135.5 (t, JCP = 13 
Hz, Ar CP), 131.1 (Ar CH), 130.6 (t, JCP = 4 Hz, Ar CH), 129.1 (Ar CH), 128.2 
(overlapped with solvent – Ar CH), 127.4 (Ar CH), 125.5 (Ar CH), 91.1 (Ni-Ar CH), 
29.38 (t, JCP = 11 Hz, CHMe), 26.43 (t, JCP = 6 Hz, CHMe), 20.31 (t, JCP = 5 Hz, CHMe), 
19.46 (t, JCP = 5 Hz, CHMe), 18.73 (CHMe), 18.36 ppm (CHMe). 31P{1H} NMR 
([D6]benzene, 121 MHz, 22 °C): δ = 33.4 ppm (s). FT-IR (THF solution): 1916 cm-1. 
Analysis calcd for C31H40OP2Ni (found): C, 67.78 (67.48); H, 7.34 (7.46). 
Synthesis of (m-P2)NiBF4 (3-BF4): Solid NaBF4 (0.110 g, 1.02 mmol) was added to an 
orange CH3CN solution of 3-Cl (0.503 g, 0.904 mmol; 15 mL) and the mixture stirred to 
give a cloudy yellow suspension. After 10 h, the mixture was filtered over Celite and 
dried. Trituration of the yellow residue gave a pale yellow powder. Yield = 0.527 g 
(96%). 1H NMR ([D6]benzene, 300 MHz, 22 °C): δ = 32 (br), 20 (v br), 15 (br), 8.7, 8.3, 
5.9 (br), 4.1 (br), 3 (v br), 1.4, 0.76, -1.6 ppm (br). 1H NMR ([D3]acetonitrile, 300 MHz, 
22 °C): δ = 21 (v br), 13 (br), 12 (br), 7.7 (s), 7.5 (s), 2.5 (br – overlapped with solvent), -
2.0 (br), -3.7 (br), -14 ppm (v br). 19F NMR ([D3]acetonitrile, 282 MHz, 22 °C): δ = -
152.3 ppm. Analysis calcd for C30H40BF4NiP2 (found): C, 59.26 (59.10); H, 6.63 (6.72). 
Synthesis of (m-P2)NiN3 (3-N3): Solid NaN3 (0.053 g, 0.82 mmol, 1.2 eq.) was added to 
3-Cl (0.380 g, 0.683 mmol) in CH3CN/THF (10:1, 10 mL). After 10 h, the resulting 
orange suspension was collected by filtration. The orange solid was extracted with THF, 
filtered over Celite and dried to give a bright orange solid. Isolated yield: 0.270 g (53%). 
Single crystals suitable for X-ray diffraction were deposited from acetonitrile. 1H NMR 
([D6]benzene, 300 MHz, 22 °C): δ = 28 (v br), 24 (br), 16 (br), 14.0, 4.9, 4 (br), 2.8 (br), 
0.89, 0.01 (br), -3.6 ppm. 1H NMR ([D2]dichloromethane, 300 MHz, 22 °C): δ = 32 (br), 
20.7 (s br), 15.4 (s br), 14.1 (s), 7.6 (s), 6.2 (s), 3.5 (br overlapped), 2.4 (br overlapped), 
1.0 (m), 0.4 (s br), 2.8 (s), -21 ppm (br). FT-IR (THF): ν(N3) = 2034 cm-1. Analysis calcd 
for C30H40N3NiP2 (found): C, 63.97 (63.60); H, 7.16 (7.04); N, 7.46 (7.21). 
3-N3 was also isolated from the reaction of 2 with excess Me3SiN3 (Yield = 35%). 
Synthesis of (m-P2)NiN3B(C6F5)3 (3-N3B(C6F5)3): A solution of 
tris(pentafluorophenyl)borane in THF (0.124 g, 2 mL) was added to an orange THF 
solution of 3-N3 (0.137 g, 5 mL) and stirred for 4 h. The mixture turned from orange to 
deep red then bright yellow. The mixture was dried, extracted with diethyl ether, filtered 
and concentrated. Bright yellow needles deposited from a concentrated ether solution at -
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35 °C. Yield = 0.150 (57 %). 1H NMR ([D6]benzene, 300 MHz, 22 °C): δ = 27 (v br), 
13.8 (br), 11.4, 7.75, 5.37 (br), 2.6 (v br), -0.7 (v br), -4.7 ppm (br). FT-IR (THF): ν(N3) 
= 2156 cm-1. Analysis calcd for C48H40B1F15N3Ni1P2 (found): C, 53.62 (53.27); H, 3.75 
(3.76); N, 3.91 (4.02). Single crystals were grown as thin needles from a concentrated 
pentane solution at -35 °C. As these crystals were too thin for routine X-ray diffraction, a 
data set was collected at Stanford Linear Accelerator (SLAC) using synchrotron X-ray 
radiation. 
Synthesis of (m-P2)NiCl2 (4): A suspension of (DME)NiCl2 in THF (0.238 g, 1.08 
mmol; 20 mL) was added to a solution of 1 (0.500 g, 1.08 mmol; 20 mL) and stirred for 
12 h. The purple reaction mixture was then dried in vacuo and the residue extracted with 
benzene and filtered over Celite. Recrystallization from benzene/diethylether at -35 °C 
gave a purple crystalline solid. Yield = 0.440 g (69%). 1H NMR ([D6]benzene, 300 MHz, 
22 °C): δ = 10.42 (s, 1H, Ar CH), 7.23 (d, J = 7.7 Hz, 2H, Ar CH), 7.03 (m, 5H, Ar CH), 
6.95 (t, J = 7.7 Hz, 2H, Ar CH), 6.84 (t , J = 7.7 Hz, 2H, Ar CH), 2.52 (br, 2H, CHMe), 
2.13 (br, 2H, CHMe), 1.58 (br, 6H, CHMe), 1.10 ppm (br, 18H, CHMe).13C{1H} NMR 
([D6]benzene, 100 MHz, 22 °C): δ = 147.6 (m, Ar CP), 143.8 (Ar C), 132.3 (Ar CH), 
131.9 (Ar CH), 130.5 (Ar CH), 129.6 (Ar CH), 129.3 (Ar CH), 128.6 (Ar CH), 128.5 (Ar 
CH),  126.5 (Ar CH), 24.9 (br, CHMe), 20 ppm (v br, CHMe). 31P{1H} NMR 
([D6]benzene, 121 MHz, 22 °C): δ = 4.9 ppm (s). Analysis calcd for C30H40Cl2Ni1P2 
(found): C, 60.85 (60.66); H, 6.81 (6.88). 
Synthesis of (m-P2)NiN2CPh2 (2-Ph2CN2): A cold solution of diphenyldiazomethane in 
hexanes (0.057 g, 0.293 mmol; 8 mL) was added to a cold solution of 2 also in hexanes 
(0.150 g, 0.289 mmol) and allowed to sit at -35 °C for 15 h. A deep red precipitate 
formed and the supernatant decanted to leave 5. Yield = 0.170 g (83 %). 1H NMR 
([D6]benzene, 300 MHz, 22 °C): δ = 8.24 (s br, 1H), 7.37 (d, 4H, J = 7.6 Hz), 7.33 (m, 
4H), 7.25 (m, 2H), 7.12-6.89 (overlapped, 12H), 6.82 (t, 2H, J = 7.2 Hz), 2.20 (m, 2H, iPr 
CH), 2.00 (m, 2H, iPr CH), 1.15 (dd, 6H, J = 16.0, 6.8 Hz, iPr Me), 1.01 (dd, 6H, J = 
15.2, 6.8 Hz, iPr Me), 0.95 (dd, 6H, J = 11.6, 6.8 Hz, iPr Me), 0.80 ppm (dd, 6H, J = 
14.0, 7.2 Hz, iPr Me). 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C): δ = 35.8 ppm. 
13C{1H} NMR ([D6]benzene, 100 MHz, 22 °C): δ = 150.1 (t, J = 9 Hz), 140.0, 134.9, 
132.2 (t, J = 12 Hz), 131.8, 137.4, 130.5, 129.4, 126.8, 122.4, 108.3, 73.1, 28.4 (t, J = 10 
Hz), 25.2 (t, J = 8 Hz), 20.7 (t, J = 5 Hz), 19.9 (t, J = 4 Hz), 19.4, 18.5 ppm. Analysis 
calcd for C43H50N2P2Ni1 (found): C, 72.18 (72.01); H, 7.04 (6.99); N, 3.92 (4.03). Single 
crystals suitable for X-ray diffraction were grown from concentrated diethylether solution 
at -35 °C.  
Thermolysis of 2-Ph2CN2: A partially degassed solution of 2-Ph2CN2 in [D6]benzene 
(0.025 g, 0.5 mL; 0.07 M) was heated at 60 °C. Monitoring by 31P{1H} NMR showed 
slow regeneration of 2; after 45 h, 2 and 2-Ph2CN2 were present in a 0.9:1 ratio. No other 
phosphorus containing products were observed. GC analysis indicated the generation of 
the coupling products tetraphenylethylene, 1,2-bis(diphenylmethylene)hydrazine and N-
(diphenylmethylene)-1,1-diphenylmethanamine in a 40:10:50 ratio. Heating a partially 
degassed solution containing 0.1 equivalents of Sm(OTf)3 (0.004 g, 0.007 mmol) and 2-
Ph2CN2 in C6H6 (0.050 g, 0.5 mL; 0.07 M) at 70 °C, a 2.7:1 ratio of 2:2-Ph2CN2 was 
observed after 15 h and full conversion was reached after 25 h. Tetraphenylethylene, 1,2-
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bis(diphenylmethylene)hydrazine and N-(diphenylmethylene)-1,1-diphenylmethanamine 
were again observed, however now in a 60:10:30 ratio Heating a partially degassed 
solution of 2-Ph2CN2 in toluene (0.050 g, 0.5 mL; 0.14 M) at 80 °C, a 4:1 ratio of 2:2-
Ph2CN2 was observed after 3 h and complete conversion to 2 was seen after 15 h. Again, 
no other phosphorus containing products were observed. The coupling products 
tetraphenylethylene, 1,2-bis(diphenylmethylene)hydrazine and N-(diphenylmethylene)-
1,1-diphenylmethanamine were observed by GC in a 60:10:30 ratio. Control reactions 
heating similar concentrations of Ph2CN2 under the above conditions generated nearly 
exclusively 1,2-bis(diphenylmethylene)hydrazine.  
Synthesis of (m-P,benzyl-P)Ni (6): A solution of lithium hexamethyldisilazide (0.045 g, 
0.27 mmol, 1.2 eq.) in THF (1 mL) was added to a suspension of 
diphenylmethylsulfonium tetrafluoroborate (0.078 g, 0.27 mmol, 1.2 eq.; 2 mL) at -78 °C 
to give a yellow solution. This mixture was allowed to stir for 2 min then added to a 
solution of 2 (0.117 g, 0.224 mmol) in THF (5 mL) at -78 °C. After 30 min at -78 °C, an 
aliquot was analyzed by NMR spectroscopy which showed full conversion to the putative 
ylid-complex 5. 31P{1H} (THF, 121 MHz, 22 °C): δ = 50.26 (d, JPP = 8.9 Hz), 39.85 ppm 
(d, JPP = 8.9 Hz). Warming to room temperature and letting stir for 15 h, these resonances 
converted to a new set of peaks consistent with the appearance of 6. The reaction mixture 
remained a dark red-brown colour throughout. After full conversion was reached, the 
solution was pumped dry and extracted with pentane. The pentane extracts (3 x 10 mL) 
were filtered over Celite and dried. Recrystallization from a minimal amount of 
diethylether layered with acetonitrile at -35 °C produced dark red-brown crystals. Yield = 
0.098 g (82 %). 31P{1H} ([D6]benzene, 121 MHz, 22 °C): δ = 58.40 (d, JPP = 86.1 Hz), 
35.89 ppm (d, JPP = 86.2 Hz).1H NMR ([D6]benzene, 300 MHz, 22 °C): δ =	  7.71 (t, J = 
5.9 Hz, 1H, Ar CH), 7.34 (m, 1H, Ar CH), 7.25 (m, 2H, Ar CH), 7.17 (m, 1H – 
overlapped with solvent, Ar CH), 7.03 (d, J = 4.0 Hz, 3H, Ar CH), 6.47 (m, 1H, Ar CH), 
6.33 (d, J = 8.7 Hz, 1H, Ar CH), 6.23 (d, J = 6.3 Hz, 1H, Ar CH), 4.98 (dd, JHP = 10.8, 
3.8 Hz, 1H, Ar CH), 2.87 (dd, J = 13.4, 5.5 Hz, 1H, ArCH2P), 2.72 (ddd, J = 13.3, 9.9, 
3.5 Hz, 1H, ArCH2P), 2.17 (dp, J = 13.9, 7.1 Hz, 1H, CHMe), 1.75 (th, J = 14.4, 7.6 Hz, 
3H, CHMe), 1.18 – 0.82 (m, 18H, CHMe), 0.72 ppm (dd, J = 7.0, 6.4 Hz, 6H, CHMe). 
13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C): δ = 152.4 (m, Ar CP), 144.7 (br m, Ar 
CP), 138.8 (Ar C), 137.6 (Ar C), 131.7 (Ar CH), 130.8 (Ar CH), 129.4 (Ar CH), 128.1 (2 
peaks obscured by solvent – Ar C, Ar CH), 127.5 (Ar CH), 127.3 (Ar CH), 126.9 (Ar 
CH), 124.7 (Ar CH), 124.5 (Ar CH), 121.8 (Ar CH), 117.1 (Ar CH), 78.0 (Ar CNi), 63.9 
(m, Ar CHNi), 28.22 (d, J = 11.8 Hz, ArCH2P), 27.89 (d, J = 7.5 Hz, CHMe), 26.59 (d, J 
= 14.2 Hz, CHMe), 24.88 (d, J = 15.8 Hz, CHMe), 24.24 (d, J = 17.3 Hz, CHMe), 20.46 
– 19.48 (m, CHMe), 18.87 (d, J = 6.1 Hz, CHMe), 17.92 – 17.57 ppm (m, CHMe). 
Analysis calcd for C31H42P2Ni1 (found): C, 69.55 (69.24); H, 7.91 (8.03). 
Synthesis of 6 from 7 and Ni(COD)2 via 5: Preparation of the monophosphonium salt 
of 1: A solution of methyl trifluoromethanesulfonate (55 µL, 0.49 mmol, 0.8 eq; 2 mL 
hexanes) was added dropwise with stirring to a hexanes solution of 1 (0.283 g, 0.612 
mmol; 10 mL) at room temperature. A white solid precipitated during the addition. The 
mixture was stirred for 12 h then dried in vacuo. The residue was washed with hexanes to 
remove unreacted 1, then extracted with THF. The THF extract was filtered over Celite 
and dried to give a white solid. Yield = 0.250 g (81 %, based on MeOTf). 1H 
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([D2]dichloromethane, 300 MHz, 22 °C): δ = 7.96-7.89 (m, 1H, Ar CH), 7.76 (m, 2H, Ar 
CH), 7.60 (m, 1H, Ar CH), 7.54-7.42 (overlapped m, 5H, Ar CH), 7.31-7.27 (m 
overlapped with singlet, 2H, Ar CH), 7.19 (d, J = 7.5 Hz, 1H, Ar CH), 2.95 (m, 2H, iPr 
CHMe), 2.25 (br m, 1H, iPr CHMe), 1.90 (br m, 1H, iPr CHMe), 1.61 (d, 2JHP =12.6 Hz, 
3H, PMe), 1.37-1.25 (overlapped m, 12 H, iPr CHMe), 0.89 ppm (br m, 12 H, iPr 
CHMe). 13C{1H} NMR ([D2]dichloromethane, 101 MHz, 22 °C): δ = 149.4, 149.1, 148.2 
(d, J = 6.8 Hz), 144.3 (d, J = 5.4 Hz), 138.5 (d, J = 3.3 Hz), 134.2, 133.9, 133.6 (d, J = 
10.1 Hz), 133.3-132.9 (m), 132.0 (d, J = 7.0 Hz), 130.9 (d, J = 5.2 Hz), 129.5 (d, J = 11.4 
Hz), 129.2, 128.4 (d, J = 2.7 Hz), 127.7, 127.4, 116.0, 115.2, 20.7 (br d, J = 14 Hz, iPr 
CH), 24.2 (br d, J = 12 Hz, iPr CH), 20.6 (br d, J = 9 Hz, iPr CH), 20.7-20.0 (overlapped 
m, iPr), 18.8 (br, iPr), 17.0 (br, iPr), 0.9 ppm (dd, JCP = 50.0, 12.3 Hz, PCH3). 31P{1H} 
([D2]dichloromethane, 121 MHz, 22 °C): δ = 42.9, -6.0 ppm.  
The monophosphonium salt (0.0197 g, 0.0314 mmol) was dissolved in 2 mL of THF and 
cooled to -78 °C. Addition of a solution of nBuLi in pentane (2.5 M, 12.6 µL) caused the 
colourless solution to turn deep blue. The mixture was stirred at this temperature for 30 
min. A THF solution of Ni(COD)2 (0.0087 g, 0.0314 mmol; 0.5 mL) was added and the 
solution stirred for 5 min. The mixture was then warmed to 20 °C (water bath) and this 
was called t = 0. Compound 6 was observed to form slowly over 32 h via the 
intermediate formation of 5. 
Rearrangement of H2C=PPh3 to Ph2PCH2Ph in the presence of 2: A solution of 
H2C=PPh3 in [D6]benzene (0.0148 g, 0.0536 mmol; 0.3 mL) was added to a solution of 2 
in the same (0.0279 g, 0.0536 mmol; 0.3 mL). After 12 h, complete consumption of 
H2C=PPh3 and the appearance of Ph2PCH2Ph was observed by 31P{1H} NMR (δH2C=PPh2 
= 20.6 ppm; δPh2PCH2Ph = -10.3 ppm), along with the appearance of a diagnostic benzyl 
resonance in the 1H NMR ([D6]benzene, 300MHz, 22 °C) at 3.25 ppm (br s). 2 remained 
in solution unchanged. 
Reactivity of 2 with 4-methoxyazidobenzene: Addition of 1.2 equivalents of 1-azido-4-
methoxybenzene (0.0100 g, 0.0670 mmol) to a [D6]benzene solution of 2 (0.0300 g, 
0.0575 mmol; 0.5 mL) caused visible bubbling (extrusion of N2) and a color change from 
deep red-orange to brown. Monitoring of the reaction mixture by 31P{1H} NMR 
spectroscopy after 20 min, 2.5 h and 17 h revealed a stable mixture of unreacted 2 (δP = 
41 ppm; verified by diagnostic central arene CH peak in the 1H NMR spectrum at 5.2 
ppm) and a 1:2:1 set of peaks (20.4, 18.3 and -6.6 ppm) assigned to the product of 
oxidation of the bis(phosphine) ligand. An insoluble precipitate was also formed. 
Addition of  > 3 eq. of was required to drive the reaction completely to the product with a 
31P{1H} NMR shift at 18.3 ppm. This upfield phosphorus resonances could be isolated 
from the insoluble precipitate as yellow solids by extraction with hexanes or pentane. 1H 
NMR ([D6]benzene, 300 MHz, 22 °C): δ = 8.11 (d, J = 8 Hz, 2H), 8.01 (m, 2 H), 7.43 (s, 
1H), 7.20 (br – overlapped with solvent, 3H), 7.04 (m, 2H), 6.86 (d, J = 9 Hz, 4H, 
ArOMe CH), 6.79 (d, J = 9 Hz, 4H, Ar OMe CH), 3.44 (s, 6H), 3.24 (s, 3H), 1.92 (m, 
4H), 1.10 (dd, J = 15, 7 Hz, 12H, iPr CHMe), 1.03 ppm (dd, J = 16, 7 Hz, 12H, iPr 
CHMe). 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C): δ = 19.4 ppm (s). No difference 
was observed when the reaction was performed at -35 °C in hexanes. 
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Oxidation of 1 with 4-methoxyazidobenzene: 1 (0.049 g, 0.107 mmol) and 4-
methoxyazidobenzene (0.032 g, 0.214 mmol) were combined in 0.5 mL of [D6]benzene 
with visible bubbling. Unreacted azide was observed after 0.5 h and a proportion of 
asymmetric phosphorous resonances similar to those reported above, however after 12 h, 
completely oxidized 1 was noted. 1H NMR ([D6]benzene, 300 MHz, 22 °C): δ = 8.01 (dd, 
J = 12, 7 Hz, 2H, Ar CH), 7.43 (s, 1H, Ar CH), 7.18 (m, overlapped with solvent, 6H, Ar 
CH), 7.10 (m, 2H, Ar CH), 7.02 (m, 1H, Ar CH), 6.86 (d, J = 9 Hz, 4H, ArOMe CH), 
6.79 (d, J = 9 Hz, 4H, Ar OMe CH), 3.44 (s, 6H, OMe), 1.90 (m, 4H, iPr CH), 1.10 (dd, J 
= 15, 7 Hz, 12H, iPr CHMe), 1.03 ppm (dd, J = 16, 7 Hz, 12H, iPr CHMe). 31P{1H} 
NMR ([D6]benzene, 121 MHz, 22 °C – 0.5 h): δ = 42.5 (1), 21.4 (0.3), -5.2 (0.3), -5.9 
ppm (1). 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C – 12 h): δ = 19.3 (s) ppm.   
Reactivity of 2 with 1-azido-4-trifluoromethylbenzene: Addition of 1-azido-4-
trifluoromethylbenzene (0.0625 g, 0.0334 mmol) to a solution of 2 (0.0174 g, 0.0334 
mmol) in [D6]benzene (0.5 mL) led to immediate darkening of the solution but no 
significant bubbling. Largely unreacted 2 was observed by 1H and 31P{1H} NMR 
spectroscopy. 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C): δ = 41.0 (10), 26.0 (3), 
22.9 (4), -5.6 ppm (3). 19F NMR ([D6]benzene, 282 MHz, 22 °C): δ = -60 ppm (s). No 
difference was observed when the reaction was performed at -35 °C in hexanes. 
Reaction of 2 with N2O: Addition of excess N2O (3 eq.) to a toluene solution of 2 (0.100 
g, 0.192 mmol; 5 mL) led to the formation of metal black and lightening of the deep red 
supernatant. The mixture was dried in vacuo, extracted with hexanes (2 x 2 mL), filtered 
over Celite and redried. Analysis by 1H and 31P{1H} showed solely that oxidation 1 had 
occurred to produce 1-(P=O)2 along with loss of nickel. The oxidized ligand 1-(P=O)2 
was identified by comparison with the spectra of 1 oxidized with H2O2. No remaining 2 
was observed. Use of fewer equivalents of N2O (1-3) also led to formation of 1-(P=O)2 
and unreacted 2 as observed by multinuclear NMR spectroscopy. 31P{1H} NMR 
([D6]benzene, 121 MHz, 22 °C): δ = 49.5 ppm. 1H NMR ([D6]benzene, 300 MHz, 22 
°C): δ = 8.07-7.93 (m, 2H, Ar CH), 7.39 (s, 1H, Ar CH), 7.29-7.18 (m overlapped, 4H, 
Ar CH), 7.14 (m overlapped, 5H, Ar CH), 1.88 (qd, J = 12.3, 10.4, 5.0 Hz, 4H, iPr CH), 
1.16 (dd, J = 14.6, 6.9 Hz, 12H, iPr CHMe), 0.91 ppm (dd, J = 15.5, 7.2 Hz, 12H, iPr 
CHMe). 
Synthesis of amination product (8): Separate hexanes solutions (7 mL) of 2 (0.0808 g, 
0.153 mmol) and 1-adamantylazide (0.0272 g, 0.153 mmol) were pre-cooled to -35 °C 
then combined cold and left to stand for 12 h at -35 °C. The reaction mixture was then 
dried, extracted with pentane and filtered. Recrystallization from hexamethyldisiloxane at 
-35 °C gave a red powder. Isolated yield: 0.056 g (55 %). 100% conversion was observed 
by multinuclear spectroscopy when the reaction was performed in deuterated solvent. 
Single crystals suitable for X-ray diffraction were grown by slow evaporation of a 
pentane solution. 1H NMR ([D6]benzene, 300 MHz, 22 °C): δ = 7.68 (d, J = 6.3 Hz, 2H, 
Ar CH), 7.22 (m – overlapped with solvent, 6H, Ar CH), 6.59 (t, J = 7.5 Hz, 1H, Ar CH), 
6.29 (d, J = 7.5 Hz, 2H, Ar CH), 3.8 (br, 1H, NH), 2.33 (m, 2H, iPr CH), 1.97 (m, 2H, iPr 
CH), 1.77 (s, 2H, Ad), 1.57 (s, 1H, Ad), 1.52 (m, 2H, Ad), 1.42 (s, 4H, Ad), 1.26 (m – 
overlapped, 6H, iPr CHMe), 1.20 (br – overlapped, 6H, Ad, iPr CHMe), 1.10 (m, 4H, Ad, 
iPr CHMe), 0.98 ppm (m, 4H, Ad, iPr CHMe). 31P{1H} NMR ([D6]benzene, 121 MHz, 
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22 °C): δ = 40.3 ppm (s). 13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C): δ = 152.9 (t, 
JCP = 14 Hz, Ar C), 139.1 (t, JCP = 18 Hz, Ar C), 131.8 (t, JCP = 4 Hz, Ar C), 130.7 (Ar 
C), 128.9 (Ar C), 127.2 (Ar C), 120.9 (t, JCP = 3 Hz, Ar C), 119.5 (t, JCP = 4 Hz, Ar C), 
117.7 (Ar C), 85.1 (Ar CN), 53.6 (Ad), 44.5 (Ad), 36.7 (Ad), 30.7 (Ad), 27.7 (t, JCP = 6 
Hz, iPr CH), 21.2 (t, JCP = 8 Hz, iPr CH), 20.4 (t, JCP = 4 Hz, iPr CHMe), 19.9 (t, JCP = 5 
Hz, iPr CHMe), 19.5 (iPr CHMe), 19.1 ppm (t, JCP = 6 Hz, iPr CHMe). Analysis calcd for 
C40H55N1P2Ni1 (found): C, 71.65 (71.66); H, 8.27 (8.19); N, 2.09 (2.17). 
No reaction was observed by 1H or 31P{1H} NMR spectroscopy when one or two 
equivalents of 1-adamantylazide were added to a solution of 1 in [D6]benzene. Both 1-
adamantylazide and 1 could be observed in solution with no broadening of either 1H or 
31P{1H} NMR spectra. No reaction was observed upon addition of further equivalents of 
1-adamantylazide. 
Heating a [D6]benzene solution of 8 led to the appearance of a new signal in the 31P{1H} 
NMR spectrum accompanied by a triplet in the hydride region of the 1H NMR spectrum 
tentatively assigned as 8-H: 1H NMR ([D6]benzene, 300 MHz, 22 °C): δ = 7.77 (d, J = 
7.8 Hz, 1H), 7.53 (m, 1H), 7.40 (m, 2H), 7.23 (br, 2H), 7.10 (d, 6.9 Hz, 2H), 7.03 (m, 
2H), 6.90 (br, 1H), 1.94 (s – these peaks could not be integrated reliably due to overlap in 
the region), 1.53 (s), 1.47, 1.24, 1.04 (m), 0.93 (m), 0.66 (m), -2.80 ppm (t, J  = 6 Hz, 1H, 
NiH).  31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C): δ = 31.4 ppm (s). 
Oxidation of 8 to 8-Cl: Five drops of CH2Cl2 were added to a deep-red solution of 8 
(0.010 g, 0.0149 mmol) in hexanes (2 mL). The color of the solution immediately 
lightened to orange and a precipitate formed which proved CH2Cl2-soluble. The mixture 
was dried and analyzed by NMR spectroscopy. 1H NMR ([D6]benzene, 300 MHz, 22 
°C): δ = 19.5 (v br), 15.6 (br), 5.8 (br), 5.04 (br), 2.1-0.8 (overlapped m), 0.37 (br), -2.0 
(br), -3.8 ppm (br). 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C): δ = 31.9 ppm (weak). 
Single crystals suitable for X-ray diffraction were grown by diffusion of pentane into a 
C6H6 solution of 8-Cl. 
Synthesis of (m-P2)NiNH(2,6-di-iso-propylphenyl) (9-Dipp): A solution of 3-Cl in 
toluene (0.050 g, 0.090 mmol; 5 mL) was cooled to -35 °C and added to a pre-cooled 
solution of LiNH(Dipp) in Et2O (0.017 g, 0.090 mmol; 5 mL). Upon combining the two 
solutions, a deep blue colour formed. Note – when the order of addition was reversed, a 
substantial amount of 2 was observed. The mixture was stirred to room temperature then 
dried in vacuo. The dark blue residue was extracted with aliquots of pentane until no 
more colour was extracted and filtered over Celite. The pentane extract was concentrated 
to ca. 3 mL and left to stand at -35 °C overnight, after which dark blue crystals formed. 
Yield = 0.054 g (88 %). EPR spectrum is shown in Figure S25 (toluene solution, 77 K). 
1H ([D6]benzene, 300 MHz, 22 °C): δ =  15 (br), 13 (br), 8.7 (br s), 5.8 (s), 4.9 (v br), 2.3 
(s), 0.2 (v br), -1.6 ppm (br). UV-Vis (pentane, 25 °C): λ (ε) = 308 (8930), 396 (sh), 351 
(5610), 592 nm (5450 cm-1M-1). E1/2 (pentane, 25 °C; scan rate = 200 mVs-1) = -0.8 V vs. 
[(C5H5)2Fe]/[(C5H5)2Fe]+.  
Reactivity of 9-Dipp with ferrocenium trifluoromethanesulfonate: 2 (0.010 g, 0.015 
mmol) was dissolved in 5 mL of pentane and cooled to -35 °C. Solid ferrocenium triflate 
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(0.005 g, 0.015 mmol) was added, followed by 2 mL of THF. The grey-blue mixture was 
stirred for 1 h to room temperature, at which point all was soluble. The mixture was 
filtered over Celite and dried. Multinuclear NMR analysis ([D6]benzene) showed 
decomposition to a mixture of species, with the majority of the material the unaltered 
bis(phosphine) 1. 
Reactivity of 9-Dipp with phenoxyl radical: A pentane solution of 2,4,6-tri-tert-
butylphenoxyl radical7 (0.0068 g, 0.026 mmol; 10 mL) was added to a pentane solution 
of 9-Dipp (0.016 g, 0.023 mmol; 10 mL) dropwise at -35 °C. Multinuclear NMR analysis 
([D6]benzene) showed decomposition to a mixture of species, with the majority of the 
material the unaltered bis(phosphine) 1. 
Synthesis of (m-P2)NiN(H)Ph (9-Ph):A solution of 3-Cl in toluene (0.200 g, 0.359 
mmol; 10 mL) was cooled to -78 °C and added to a pre-cooled solution of LiNHPh in 
Et2O (0.036 g, 0.359 mmol; 5 mL). Upon combining the two solutions, a deep blue 
colour formed. The mixture was stirred to room temperature then dried in vacuo. The 
dark blue residue was extracted with aliquots of pentane until no more colour was 
extracted and filtered over Celite. The pentane extract was concentrated to ca. 5 mL and 
left to stand at -35 °C overnight, at which point dark blue crystals formed. Yield = 0.130 
g (58 %). EPR spectrum is shown in Figure S27 (toluene solution, 77 K).  1H 
([D6]benzene, 300 MHz, 22 °C): δ =  36-32 (v br), 19 (br), 15.0 (br s), 9.0 (br s), 7.5 (br 
s), 5.7 (s), 3.5-1.4 (v br), 0.1 (br), -1 (v br), -4 ppm (br). Analysis calcd for 
C36H46N1P2Ni1 (found): C, 70.49 (70.60); H, 7.56 (7.54); N, 2.28 (2.11). 
H-atom abstraction from 9-Ph: A pentane solution of 2,4,6-tri-tert-butylphenoxyl 
radical (0.0179 g, 0.0685 mmol; 5 mL) was added to a pentane solution of 9-Ph (0.0420 
g, 0.0685 mmol; 5 mL) at -78 °C and stirred for 1 h at this temperature. A red precipitate 
was observed to form as the solution turned dark and cloudy. Aliquots taken after 1 h and 
12 h showed 2,4,6-tri-tert-butylphenol (GC, retention time: 11.06 min; confirmed by 
comparison with an authentic sample) but no other obvious coupling products. 31P{1H} 
NMR analysis of the reaction mixture showed 2 and 1-NPh in a ~ 1:2 ratio. 1-NPh: 1H 
NMR ([D6]benzene, 300 MHz, 22 °C): δ = 8.34-8.27 (m, 1H, Ar CH), 7.42 (s, 2 H, Ar 
CH), 7.37-7.26 (m – overlapped with 2 and phenol, 13H, Ar CH), 6.84 (t, J = 7.1 Hz, 1H, 
Ar CH), 2.03 (m – overlapped with 2, 2H, iPr CH), 1.84 (m, 2H, iPr CH), 1.21 (dd, J = 
15.0, 6.9 Hz, 6H, iPr Me), 1.18-0.93 (m – overlapped with 2, 12H, iPr Me), 0.93-0.82 
ppm (m, iPr Me). 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C): δ = 22.7 (s), -5.8 ppm 
(s). ESI-MS: 570.3 (1-NPh+O), 554.3 m/z (1-NPh).  
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Figure S1. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of 2. 
 
Figure S2. 13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C) spectrum of 2. 
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Figure S3. 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C) spectrum of 2. 
 
Figure S4. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of 2-CO. 
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Figure S5. 13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C) spectrum of 2-CO. 
 
Figure S6. 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C) spectrum of 2-CO. 
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Figure S7. 1H NMR ([D3]acetonitrile, 300 MHz, 22 °C) spectrum of 3-BF4. 
 
Figure S8. 1H NMR ([D2]dichloromethane, 300 MHz, 22 °C) spectrum of 3-N3. 
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Figure S9. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of 3-N3B(C6F5)3. 
 
Figure S10. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of 4. 
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Figure S11. 13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C) spectrum of 4. 
 
Figure S12. HSQC ([D6]benzene, 22 °C) spectrum of 4. 
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Figure S13. 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C) spectrum of 4. 
 
Figure S14. 1H NMR ([D6]benzene, 400 MHz, 22 °C) spectrum of 2-Ph2CN2. 
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Figure S15. 13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C) spectrum of 2-Ph2CN2.  
 
Figure S16. HSQC ([D6]benzene, 22 °C) spectrum of 2-Ph2CN2. 
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Figure S17. 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C) spectrum of 2-Ph2CN2. 
 
Figure S18. 1H NMR ([D6]benzene, 400 MHz, 22 °C) spectrum of 6. 
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Figure S19. 13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C) spectrum of 6. 
 
Figure S20. HSQC ([D6]benzene, 22 °C) spectrum of 6. 
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Figure S21. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of 8. 
 
Figure S22. 13C{1H} NMR ([D6]benzene, 101 MHz, 22 °C) spectrum of 8. 
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Figure S23. 31P{1H} NMR ([D6]benzene, 121 MHz, 22 °C) spectrum of 8. 
 
Figure S24. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of 9-Dipp. 
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Figure S25. X-band EPR spectrum of 9-Dipp in toluene at 77 K and 9.405 GHz (blue) 
and simulated spectrum (green). Simulation parameters: g = [2.3130, 2.0948, 2.0790]; 
HStrain = [75 33 39] G; AP1 = [189, 201, 217] Hz; AP2 = [70, 130, 137] Hz; AN1 = [31, 0, 
12] Hz; AH1 = [127, 0, 0] Hz. 
 
 Figure S26. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of 9-Ph. 
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Figure S27. X-band EPR spectrum of 9-Ph in toluene at 77 K and 9.410 GHz (blue) and 
simulated spectrum (green). Simulation parameters: g = [2.3310, 2.0837, 2.0946]; HStrain 
= [191, 95, 205] G; AP1 = [166, 190, 51] Hz; AP2 = [142, 192, 21] Hz; AN1 = [29, 1, 141] 
Hz; AH1 = [11, 14, 1] Hz. 
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Figure S28. Stackplot of 31P{1H} NMR spectra of the thermolysis of 2-Ph2CN2 in 
[D6]benzene (0.025 g, 0.5 mL; 0.07 M) at 60 °C. 
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Figure S29. Stackplot of 31P{1H} NMR spectra of the reaction of 7 with Ni(COD)2 in 
THF to generate 6 via intermediate 5. The timepoint t = 0 represents the time at which the 
reaction was warmed from -78 °C to 20 °C. The asterisk denotes a small unidentified 
side-product. 
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Figure S30. 1H NMR ([D6]benzene, 300 MHz, 22 °C) spectrum of reaction mixture of H-
atom abstraction from 9-Ph to generate 2 and 1-NPh. 
 
Figure S31. 31P{1H} ([D6]benzene, 121 MHz, 22 °C) spectrum of reaction mixture of H-
atom abstraction from 9-Ph to generate 2 and 1-NPh. 
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Fig S32. Cyclic voltammograms of 3-Cl (left, 1.7x10-3 M, CH3CN; E1/2 = -1.39 V) and 9-
Dipp (right, 8.2x10-4 M, THF; E1/2 = -0.80 V) at 200 mV/s with 0.1 M (nBu4)NPF6 
supporting electrolyte. 
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Details of XRD studies: 
 
Table S1. Crystal data and structure refinement for 2 
CCDC Identification code  937664 
Empirical formula  C30 H40 Ni P2 
Formula weight  521.27 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 10.2260(5) Å α = 96.250(3)°. 
 b = 10.7694(5) Å β = 104.351(3)°. 
 c = 14.6852(7) Å γ = 118.142(2)°. 
Volume 1332.44(11) Å3 
Z 2 
Density (calculated) 1.299 Mg/m3 
Absorption coefficient 0.865 mm-1 
F(000) 556 
Crystal size 0.11 x 0.11 x 0.08 mm3 
Theta range for data collection 2.22 to 35.00°. 
Index ranges -16≤h≤16, -17≤k≤17, -23≤l≤23 
Reflections collected 62488 
Independent reflections 11660 [R(int) = 0.0588] 
Completeness to theta = 35.00° 99.2 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8626 and 0.7584 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 11660 / 0 / 306 
Goodness-of-fit on F2 1.029 
Final R indices [I>2sigma(I)] R1 = 0.0523, wR2 = 0.1233 
R indices (all data) R1 = 0.0829, wR2 = 0.1360 
Largest diff. peak and hole 2.245 and -0.999 e.Å-3 
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Table S2. Crystal data and structure refinement for 2-CO. 
CCDC Identification code  937667 
Empirical formula  C31 H40 Ni O P2 
Formula weight  549.28 
Temperature  100(2) K 
Wavelength  0.79230 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 12.820(3) Å α = 90°. 
 b = 14.000(3) Å β = 105.83(3)°. 
 c = 16.170(3) Å γ = 90°. 
Volume 2792.2(10) Å3 
Z 4 
Density (calculated) 1.307 Mg/m3 
Absorption coefficient 0.831 mm-1 
F(000) 1168 
Crystal size not measured  
Theta range for data collection 2.01 to 27.50°. 
Index ranges -14≤h≤14, -15≤k≤15, -18≤l≤18 
Reflections collected 61893 
Independent reflections 4545 [R(int) = 0.0321] 
Completeness to theta = 27.50° 98.3 %  
Absorption correction Empirical 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4545 / 0 / 324 
Goodness-of-fit on F2 0.969 
Final R indices [I>2sigma(I)] R1 = 0.0220, wR2 = 0.0643 
R indices (all data) R1 = 0.0222, wR2 = 0.0646 
Largest diff. peak and hole 0.296 and -0.299 e.Å-3 
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Table S3.  Crystal data and structure refinement for 2-CH3CN. 
CCDC Identification code  937666 
Empirical formula  C32 H43 N Ni P2 
Formula weight  562.32 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 8.9439(6) Å α = 89.986(3)°. 
 b = 10.9037(7) Å β = 86.624(3)°. 
 c = 15.0117(10) Å γ = 84.867(3)°. 
Volume 1455.55(17) Å3 
Z 2 
Density (calculated) 1.283 Mg/m3 
Absorption coefficient 0.798 mm-1 
F(000) 600 
Crystal size 0.34 x 0.30 x 0.28 mm3 
Theta range for data collection 1.88 to 36.39°. 
Index ranges -14≤h≤14, -18≤k≤18, -25≤l≤25 
Reflections collected 107319 
Independent reflections 14130 [R(int) = 0.0347] 
Completeness to theta = 36.39° 99.7 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7471 and 0.6781 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 14130 / 0 / 364 
Goodness-of-fit on F2 1.026 
Final R indices [I>2sigma(I)] R1 = 0.0342, wR2 = 0.0866 
R indices (all data) R1 = 0.0488, wR2 = 0.0947 
Largest diff. peak and hole 0.950 and -0.557 e.Å-3 
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Table S4.  Crystal data and structure refinement for 2-Ph2CN2. 
CCDC Identification code  937665 
Empirical formula  C47 H60 N2 Ni O P2 
Formula weight  789.62 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P
! 
1 
Unit cell dimensions a = 7.9752(7) Å α = 98.590(3)°. 
 b = 15.6857(19) Å β = 95.670(4)°. 
 c = 17.2889(19) Å γ = 95.994(3)°. 
Volume 2112.4(4) Å3 
Z 2 
Density (calculated) 1.241 Mg/m3 
Absorption coefficient 0.572 mm-1 
F(000) 844 
Crystal size 0.54 x 0.17 x 0.06 mm3 
Theta range for data collection 1.64 to 30.00°. 
Index ranges -11≤h≤11, -22≤k≤22, -24≤l≤24 
Reflections collected 80215 
Independent reflections 12145 [R(int) = 0.0559] 
Completeness to theta = 30.00° 98.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7473 and 0.6886 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 12145 / 0 / 488 
Goodness-of-fit on F2 1.149 
Final R indices [I>2sigma(I)] R1 = 0.0470, wR2 = 0.1154 
R indices (all data) R1 = 0.0623, wR2 = 0.1241 
Largest diff. peak and hole 2.266 and -0.803 e.Å-3 
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Table S5.  Crystal data and structure refinement for 3-BF4. 
CCDC Identification code  937668 
Empirical formula  C48 H58 B F4 Ni P2 
Formula weight  842.40 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1) 
Unit cell dimensions a = 11.1349(5) Å α = 90°. 
 b = 16.3137(8) Å β = 103.721(3)°. 
 c = 12.1662(6) Å γ = 90°. 
Volume 2146.94(18) Å3 
Z 2 
Density (calculated) 1.303 Mg/m3 
Absorption coefficient 0.577 mm-1 
F(000) 890 
Crystal size 0.1 x 0.1 x 0.05 mm3 
Theta range for data collection 1.72 to 35.00°. 
Index ranges -17≤h≤17, -26≤k≤26, -19≤l≤19 
Reflections collected 96224 
Independent reflections 18875 [R(int) = 0.0503] 
Completeness to theta = 35.00° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8627 and 0.7592 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 18875 / 1 / 513 
Goodness-of-fit on F2 1.031 
Final R indices [I>2sigma(I)] R1 = 0.0372, wR2 = 0.0834 
R indices (all data) R1 = 0.0481, wR2 = 0.0875 
Absolute structure parameter 0.033(5) 
Largest diff. peak and hole 0.989 and -0.581 e.Å-3 
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Table S6.  Crystal data and structure refinement for 3-N3. 
CCDC Identification code  937669 
Empirical formula  C30 H40 N3 Ni P2 
Formula weight  563.30 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/c 
Unit cell dimensions a = 8.6348(4) Å α = 90°. 
 b = 20.3083(9) Å β = 96.810(2)°. 
 c = 16.3919(7) Å γ = 90°. 
Volume 2854.2(2) Å3 
Z 4 
Density (calculated) 1.311 Mg/m3 
Absorption coefficient 0.815 mm-1 
F(000) 1196 
Crystal size 0.57 x 0.30 x 0.15 mm3 
Theta range for data collection 2.01 to 40.00°. 
Index ranges -15≤h≤15, -36≤k≤36, -29≤l≤29 
Reflections collected 156819 
Independent reflections 17693 [R(int) = 0.0566] 
Completeness to theta = 40.00° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.8630 and 0.7849 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 17693 / 0 / 333 
Goodness-of-fit on F2 1.076 
Final R indices [I>2sigma(I)] R1 = 0.0366, wR2 = 0.0886 
R indices (all data) R1 = 0.0619, wR2 = 0.1032 
Largest diff. peak and hole 1.938 and -0.659 e.Å-3 
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Table S7.  Crystal data and structure refinement for 3-N3B(C6F5)3. 
CCDC Identification code  937670 
Empirical formula  C52 H40 B F15 N3 Ni O P2 
Formula weight  1139.33 
Temperature  100(2) K 
Wavelength  0.72930 Å 
Crystal system  Orthorhombic 
Space group  P2(1)2(1)2(1) 
Unit cell dimensions a = 11.147(2) Å α = 90°. 
 b = 18.632(4) Å β = 90°. 
 c = 27.343(6) Å γ = 90°. 
Volume 5679(2) Å3 
Z 4 
Density (calculated) 1.333 Mg/m3 
Absorption coefficient 0.485 mm-1 
F(000) 2316 
Crystal size not measured 
Theta range for data collection 1.36 to 31.35°. 
Index ranges -15≤h≤9, -25≤k≤24, -33≤l≤38 
Reflections collected 48367 
Independent reflections 15875 [R(int) = 0.0387] 
Completeness to theta = 27.50° 99.4 %  
Absorption correction Empirical 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 15875 / 5 / 664 
Goodness-of-fit on F2 1.039 
Final R indices [I>2sigma(I)] R1 = 0.0628, wR2 = 0.1908 
R indices (all data) R1 = 0.0658, wR2 = 0.1936 
Absolute structure parameter 0.045(11) 
Largest diff. peak and hole 2.155 and -0.709 e.Å-3 
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Table S8.  Crystal data and structure refinement for 4. 
CCDC Identification Code          750842 
Empirical formula  C30H40Cl2P2Ni 
Formula weight  592.17 
Crystallization Solvent  Hexane 
Crystal Habit  Block 
Crystal size 0.26 x 0.21 x 0.16 mm3 
Crystal color  Dark purple  
Type of diffractometer  Bruker KAPPA APEX II 
Wavelength  0.71073 Å MoKa  
Data Collection Temperature  100(2) K 
q range for 9638 reflections used 
in lattice determination  2.81 to 41.87° 
Unit cell dimensions a = 11.7779(4) Å 
 b = 16.6880(6) Å β= 103.709(2)° 
 c = 14.7731(6) Å 
Volume 2820.93(18) Å3 
Z 4 
Crystal system  Monoclinic 
Space group  P21/n 
Density (calculated) 1.394 Mg/m3 
F(000) 1248 
Data collection program Bruker APEX2 v2009.7-0 
q range for data collection 1.87 to 43.61° 
Completeness to q = 43.61° 98.6 %  
Index ranges -22 ≤ h ≤ 22, -30 ≤ k ≤ 32, -28 ≤ l ≤ 27 
Data collection scan type  w scans; 18 settings 
Data reduction program  Bruker SAINT-Plus v7.66A 
Reflections collected 160457 
Independent reflections 21304 [Rint= 0.0518] 
Absorption coefficient 1.009 mm-1 
Absorption correction None 
Max. and min. transmission               0.8552 and 0.7794 
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Table S9.  Crystal data and structure refinement for 6. 
CCDC Identification code  937672 
Empirical formula  C31 H42 Ni P2 
Formula weight  535.30 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 10.9436(7) Å α = 90°. 
 b = 16.5118(10) Å β = 106.346(3)°. 
 c = 16.0755(10) Å γ = 90°. 
Volume 2787.4(3) Å3 
Z 4 
Density (calculated) 1.276 Mg/m3 
Absorption coefficient 0.828 mm-1 
F(000) 1144 
Crystal size 0.20 x 0.20 x 0.10 mm3 
Theta range for data collection 2.30 to 30.58°. 
Index ranges -15≤h≤10, -23≤k≤23, -22≤l≤22 
Reflections collected 119996 
Independent reflections 8553 [R(int) = 0.0437] 
Completeness to theta = 27.50° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.9217 and 0.8518 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8553 / 0 / 315 
Goodness-of-fit on F2 1.060 
Final R indices [I>2sigma(I)] R1 = 0.0248, wR2 = 0.0642 
R indices (all data) R1 = 0.0297, wR2 = 0.0675 
Largest diff. peak and hole 0.494 and -0.198 e.Å-3 
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Table S10.  Crystal data and structure refinement for 8. 
CCDC Identification code  937673 
Empirical formula  C40 H55 N Ni P2 
Formula weight  670.50 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Triclinic 
Space group  P-1 
Unit cell dimensions a = 9.9449(7) Å α = 98.868(3)°. 
 b = 11.2006(7) Å β = 93.827(3)°. 
 c = 17.7703(11) Å γ = 115.958(3)°. 
Volume 1738.3(2) Å3 
Z 2 
Density (calculated) 1.281 Mg/m3 
Absorption coefficient 0.679 mm-1 
F(000) 720 
Crystal size 0.2 x 0.08 x 0.05 mm3 
Theta range for data collection 2.07 to 25.00°. 
Index ranges -11≤h≤11, -13≤k≤12, -21≤l≤20 
Reflections collected 16447 
Independent reflections 5907 [R(int) = 0.0546] 
Completeness to theta = 25.00° 96.3 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7455 and 0.5910 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 5907 / 0 / 405 
Goodness-of-fit on F2 1.030 
Final R indices [I>2sigma(I)] R1 = 0.0872, wR2 = 0.2306 
R indices (all data) R1 = 0.1234, wR2 = 0.2622 
Largest diff. peak and hole 2.915 and -1.333 e.Å-3 
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Table S11.  Crystal data and structure refinement for 9-Dipp. 
CCDC Identification code  937674 
Empirical formula  C42 H58 N Ni P2 
Formula weight  697.54 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pna2(1) 
Unit cell dimensions a = 17.1319(10) Å α = 90°. 
 b = 13.4584(7) Å β = 90°. 
 c = 16.5185(9) Å γ = 90°. 
Volume 3808.6(4) Å3 
Z 4 
Density (calculated) 1.216 Mg/m3 
Absorption coefficient 0.623 mm-1 
F(000) 1500 
Crystal size 0.234 x 0.113 x 0.044 mm3 
Theta range for data collection 1.92 to 27.50°. 
Index ranges -22≤h≤22, -17≤k≤17, -21≤l≤21 
Reflections collected 56025 
Independent reflections 8731 [R(int) = 0.0683] 
Completeness to theta = 27.50° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 1.0000 and 0.8575 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 8731 / 1 / 427 
Goodness-of-fit on F2 1.296 
Final R indices [I>2sigma(I)] R1 = 0.0350, wR2 = 0.0519 
R indices (all data) R1 = 0.0568, wR2 = 0.0545 
Absolute structure parameter -0.004(8) 
Largest diff. peak and hole 0.301 and -0.377 e.Å-3 
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Table S12.  Crystal data and structure refinement for 9-Ph. 
CCDC Identification code  937671 
Empirical formula  C36 H46 N Ni P2 
Formula weight  613.39 
Temperature  100(2) K 
Wavelength  0.72930 Å 
Crystal system  Monoclinic 
Space group  P2(1)/n 
Unit cell dimensions a = 20.218(4) Å α = 90°. 
 b = 10.196(2) Å β = 99.45(3)°. 
 c = 32.657(7) Å γ = 90°. 
Volume 6641(2) Å3 
Z 8 
Density (calculated) 1.227 Mg/m3 
Absorption coefficient 0.705 mm-1 
F(000) 2616 
Crystal size not measured 
Theta range for data collection 1.14 to 27.50°. 
Index ranges -21<=h<=25, -11<=k<=12, -41<=l<=40 
Reflections collected 48316 
Independent reflections 13784 [R(int) = 0.0229] 
Completeness to theta = 27.50° 97.5 %  
Absorption correction Empirical 
Max. and min. transmission . and . 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 13784 / 0 / 743 
Goodness-of-fit on F2 1.047 
Final R indices [I>2sigma(I)] R1 = 0.0470, wR2 = 0.1218 
R indices (all data) R1 = 0.0481, wR2 = 0.1225 
Largest diff. peak and hole 3.163 and -1.517 e.Å-3 
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